1989; Fisher et al., 1976) ; however losses in commercial production are generally much lower. Resistance to race O is quantitatively inherited with resistance alleles having mainly additive or partially dominant effects (e.g , Holley and Goodman 1989; Lim and Hooker, 1976; Kump et al., 2011) . A recent study showed that resistance alleles at two SLB resistance QTL confer mild yield costs in the absence of significant levels of SLB (Santa-Cruz et al., 2014) .
To date, many QTL mapping studies have identified potential SLB resistance alleles on every chromosome of maize. Generally, those alleles identified effects that were quantitative and additive in action and contributed only a small amount of resistance (Balint-Kurti and Carson, 2006; , 2007a , 2008a Belcher et al., 2012; Carson et al., 2004; Kump et al., 2011; Negeri et al., 2011; Pengfei, 2011; Zwonitzer et al., 2009 ). These studies have mostly been performed using temperate, adapted maize germplasm. A few studies have screened some exotic germplasm (Kump et al., 2011; Negeri et al., 2011) but no studies to date have explored using maize's wild ancestors as a source of SLB resistance alleles. Alleles derived from these wild ancestors may be different from alleles available within domesticated germplasm and therefore may offer a valuable source of genetic variation.
There are five species of Zea, the best known of which (mays) has four subspecies (Buckler et al., 2006b) . One of these, Z. mays ssp. parviglumis is widely thought to be the ancestor of Z. mays ssp. mays, also known as modern maize (Matsuoka et al., 2002) . The name teosinte is sometimes used to describe all the species and subspecies within Zea that are not Z. mays ssp. mays. In this report we will use the term teosinte solely to describe Z. mays ssp. parviglumis.
During the domestication of modern maize from teosinte, a substantial amount of the variation was lost due to genetic bottlenecks (Wright et al., 2005) . Estimates of the amount of diversity lost vary, but are generally agreed to be around 30% (Buckler et al., 2001; Zhang et al., 2002) . One model suggests that fewer than 10 teosinte populations contributed to the current diversity found in maize (Wright et al., 2005) leaving a great amount of diversity to explore. Teosinte is believed to have grown under warm and wet conditions 10,000 yr BP (Zhang et al., 2002) and is a host for C. heterostrophus (de Lange et al., 2014) . It is likely that during domestication, SLB or very similar diseases were present and acted as a selection factor. Therefore, teosinte might carry SLB resistance alleles that were lost during domestication of modern maize. Wang et al. (2008) indicated that Z. mays ssp. Mexicana may carry useful alleles for disease resistance.
A widely used approach for the discovery of QTLs is the use of NIL populations. They are derived using a backcrossing breeding scheme between a donor and a recurrent parent. They are so named due to the genome of each line being nearly isogenic to the recurrent parent genome (Eshed and Zamir, 1995) . The differences between NILs are due to varying segments of the donor genome within each line, and lack significant genetic background noise making effect estimates accurate (Eshed and Zamir, 1995; Szalma et al., 2007) . Breeding with wild by elite populations is often difficult due to an unmanageable amount of deleterious alleles, making population improvement slow (Tanksley and Nelson, 1996) . This is particularly true of teosinte by maize populations due to teosinte's substantially divergent morphology. Near isogenic lines with introgressed segments of donor/wild relative genome are easy to breed with, as the majority of the genome is from the adapted/elite line and fixed.
The aims of this study were to identify teosintederived alleles associated with SLB resistance. Near isogenic line populations were used, in which portions of 10 different teosinte accessions had been introgressed into the background of the commonly used, temperate-adapted maize inbred, B73, and validations of discovered allele effects were performed through F 2:3 populations developed for this purpose.
A second goal of this study was to investigate the presence of multiple disease resistance (MDR) alleles segregating in these NIL populations. Multiple disease resistance alleles, that is, alleles that confer resistance to two or more diseases, are of great interest to breeders. Finding alleles that can provide resistance to more than one disease can accelerate population development. Previous studies in maize have provided some evidence for the presence of MDR alleles (Belcher et al., 2012; Wisser et al., 2011; Zwonitzer et al., 2010) . A parallel study (Lennon et al., 2015) identified six QTLs for resistance to gray leaf spot ([GLS] , causal agent Cercospora zeae-maydis and Cercospora zeina) using 9 of the 10 NIL populations from this study. Gray leaf spot and SLB are both necrotrophic pathogens and while they infect by somewhat different pathways, they might be affected by a similar resistance mechanism in maize.
MATERIALS AND METHODS

Parent Populations
The 774 teosinte NILs from 10 populations were developed in Columbia, MO (Liu et al., 2016) . The NILs were developed by crossing 10 Mexican teosinte accessions to the maize inbred B73. The 10 accessions were (with population reference code and number of lines developed): Ames21785 (Z032, 88) from El Salado, Guerrero; Ames21786 (Z033, 85) from El Salado, Guerrero; Ames21789 (Z034, 90) from Mazatlan, Guerrero; Ames21809 (Z037, 79) from Palo Blanco, Guerrero; Ames21814 (Z035, 75) from Site 6, Guerrero; Ames21889 (Z036, 82) from El Rodeo, Jalisco; PI384065 (Z029, 50) from Teloloapan, Guerrero; PI384066 (Z030, 62) from Teloloapan, Guerrero; PI384071 (Z031, 75) from Iguala-Arcelia, Guerrero; and Ames21812 (Z038, 81) from Teloloapan, Guerrero. The resulting F 1 progenies from each cross was backcrossed to the recurrent parent, B73 for four generations to produce BC 4 F 1 progeny in each of
Field Evaluations of Southern Leaf Blight
The NIL populations were rated for SLB disease in 2009 and 2010 at the Central Crops Research Station in Clayton, NC. Eight of the 10 populations were evaluated in 2009 (Z037 and Z038 excluded) and all 10 NIL populations were evaluated in 2010. The SLB disease trials were planted on 24 Apr. 2009 and 26 Apr. 2010 in 2 m long single rows with 0.97 m row widths. In 2009, eight seeds per plot were planted and 10 seeds per plot were planted in 2010. Each year the experiment was arranged in a nine by nine lattice field design with two replications. The recurrent parent, B73, was planted every 18 rows. Every plant within each row was artificially inoculated with C. heterostrophus-infested sorghum seeds by dropping ~ 20 seeds down the whorl of each plant at the four-six leaf stage. Visual disease ratings on the ear leaf were taken three times at 7-d intervals starting at time of anthesis. Ratings were on a one to nine scale, with nine being completely resistant. A standardized area under disease progress curve (sAUDPC) was calculated as described by Negeri et al. (2011) . Days to anthesis were also recorded as the number of days after planting when half the plants in a row were shedding pollen.
F 2:3 populations were developed by crossing the selected NIL lines to B73 (Fig. 1) . Overall, the populations were evaluated over 3 yr, though individual populations were screened only once with two replications. Each year the plots were arranged in a randomized block design, with population as the block, with two replications. The SLB disease trials were the 10 populations. The BC 4 F 1 's were self-pollinated twice and sib-mated once yielding BC 4 S 2 populations.
The BC 4 S 2 populations were genotyped on a GoldenGate (Illumina, San Diego, CA) assay using 768 single nucleotide polymorphism (SNP) markers at the USDA-ARS, Columbia, MO. Ten plants were pooled per NIL for genotyping. The SNPs were chosen as a subset from the 1536 SNPs used to genotype the nested association mapping (NAM) population (McMullen et al., 2009 ), biased to be maximally informative for B73 (FlintGarcia, personal communication, 2014) . Of the 768 markers, 737 were informative in at least one NIL population. All SNPs were aligned to the NAM genetic map (McMullen et al., 2009 ).
Inbred Maize Disease Check Lines Used
The recurrent parent B73 is derived from the Iowa Stiff Stalk Synthetic population and has been widely uised for gnetic studies (e.g., Schnable et al., 2009) . NC296 is a white flint inbred line derived from intercrossing two tropical hybrids, H-5 and Pioneer X105A. Six generations of sib-mating were performed with selection for low stature, erectness, and earliness. NC368 is derived from B73 and the SLB-resistant line NC250 and is 63% B73 by pedigree (Nelson et al., 2015; M. Goodman, personal communication, 2013) . B73 is a known susceptible line while the two NC developed lines carry resistance to SLB. Lennon et al. 2015.) planted on 2 May 2011 , 20 and 27 Apr. 2012 , and 23 and 24 Apr. 2013 in the same matter as previously described above. B73 was planted every 11th plot in 2011 and every 20th plot in 2012 and every 30th plot in 2013 as a repeated check. Inoculations, disease ratings, days to anthesis (DTA) ratings, and sAUDPC calculations were performed as previously described.
Statistical Analyses
Statistical analysis of all disease data was performed using SAS PROC MIXED (SAS Institute, 2003) . The NIL population data was analyzed by combining data across all populations over the 2 yr as year variance and genotype by year variance was insignificant. Significance of random variables was determined through both the "covtest" option in SAS as well as by using a Chisquared distribution with one degree of freedom and using the difference in the -2 residual log likelihood between the reduced and full model. The random effects in the full model were: year, replication(year), population(replication´year), genotype´year, row(year), and column(year) while genotype was considered a fixed effect. Least squares means (LSMeans) of the sAUDPC were obtained as well as the significant differences between the control (B73) and individual NIL LSMeans by using the "adjust = dunnet" option in the LSMeans statement. The LSMeans were then used in the joint QTL analysis. PROC BOXPLOT was used to generate boxplots for each NIL population LSMeans. Correlation coefficients were calculated for population means between the environments and between replications within each environment. LSMeans were also calculated for DTA.
Heritability on both an entry mean basis and plot mean basis and their associated standard errors were determined, using the same statistical model as described above except genotype was treated as random, by the method outlined by Holland et al. (2003) .
Statistical analysis of sAUDPC of the F 2:3 populations included fixed effects of population and genotype(population) as well as the row and column orthogonal polynomials up to the fourth order (when significant). Random effects were replication, replication´population, and row and column (when significant). LSMeans of sAUDPC for the F 2:3 populations and the significant differences between them were obtained using the "pdiff" option in the LSMeans statement.
The MDR for SLB and GLS (Lennon et. al., 2015) disease data was assessed through correlations across all populations in which lines within were screened for both diseases. PROC CORR was used to determine the correlation coefficients as well as associated P values to test for significance.
Quantitative Trait Locus Analysis
A joint inclusive composite interval mapping ( JICIM) method was followed as previously described (Buckler et al., 2009) . For the purposes of the analysis, B73 alleles were all scored as 0 and teosinte (i.e., non-B73) alleles were scored as 2, heterozygotes were scored as a 1. Imputed scores for non-informative (i.e., monomorphic) or missing markers in specific populations were based on the flanking marker genotypes as previously described (Buckler et al., 2009) . Over the populations, 25% of the markers were imputed on average. The NAM genetic map was used for the QTL analysis (McMullen et al., 2009) . PROC GLM-SELECT ran the JICIM, and the selection cut off, a P value of 0.00015, was based 1000 permutation tests. The model was optimized and support intervals were found using the same method as described in Lennon et al. (2015) .
Based on these results, the final model was selected and allelic effects for each population were estimated using PROC GLM. The final model included the fixed effects of the NIL population and QTL by population. The output detailed additive QTL effect estimates, their standard errors, and the significance of the QTL effect for each population by QTL. Significance for each allelic t test of the null hypothesis of a zero allele effect was conducted using the false discovery rate of 5% by the BenjaminiHochberg procedure (Benjamini and Yekutieli, 2005) .
Segregation ratios were tested in all SNP marker analyses from the F 2:3 populations and determined to deviate from null hypothesis if the chi-squared estimate was above the significance level with 2 degrees of freedom for the chi-squared distribution. Single marker analysis was run using sAUDPC and marker genotype for each F 2:3 populations using PROC GLM. Significance at the type III test as well as the R 2 value was used to determine if validation of marker effect from the original NIL dataset was confirmed. Additive and dominance estimates were made through the estimate statement in SAS. When NIL lines contained more than one significant teosinte introgression, interactions for those QTL were tested for in the F 2:3 populations by fitting the two additive effect QTLs and their interaction. Significance was based on P values of a = 0.05.
Selections of Individual Near Isogenic Lines for Quantitative Trait Locus Validation
Selections of NILs were based on three criteria. First, that the marker effect was significant within the particular NIL population of which the selected NIL was a member. Second, that the selected NIL line was significantly different from the susceptible recurrent parent B73. Lastly, if possible, the NIL line was homozygous for the teosinte allele at the QTL, though heterozygotes were selected if homozygotes were not available. Ultimately, 16 NILs were selected to represent 21 different significant alleles. F 2:3 populations were derived by crossing each selected NIL to B73 followed by self-pollinating the progeny twice, harvesting each F 2 ear individually, yielding a F 2:3 population.
Genotyping of F 2:3 Populations
Leaf tissue was collected from each F 2:3 population at the V6 growth stage, pooling leaf samples from eight plants within the row. Leaf tissue was lyophilized following collection. DNA was extracted following the Cota-Sanchez CTAB extraction protocol (Cota-Sánchez et al., 2006) , with a few modifications listed below. A hole-punch from each leaf tissue, eight in total, constituted a sample. These tissue samples were ground and each sample incubated in 500 mL CTAB buffer at 65°C bath for 30 min. Only 500 mL of Chloroform:isoamyl-alcohol (24:1) was added. All samples were resuspended in 200 mL Tris-EDTA and diluted to a working solution of 10 to 20 ng DNA mL The correlation coefficient between disease ratings in the 2 yr was significant (r = 0.42, P £ 0.01). The correlation coefficients between reps in 2009 and 2010 was 0.29 in both years and was significant in each year at P = 0.01. Broad-sense heritability was 0.59 on an entry mean basis (SE 0.03) and 0.26 on a plot basis (SE 0.02).
Near Isogenic Line Population Quantitative Trait Locus Analysis
The JICIM initially identified four significant markers across populations that were significantly associated with sAUDPC (Table 2, Fig. 3 ), located in bins 2.04, 3.04, 3.05, and 8.05 (Davis et al., 1999) . Significant marker additive
LGC genomics for assay design. The PCR reactions with a total volume of 4.055 mL were run on 384-well plates with both positive and negative controls. The protocol follows LGC Genomics recommended Touchdown method (LGC Genomics, 2013) . Endpoint reads were taken on a LightCycler 480 (Roche Diagnostics Corp., Indianapolis, IN). The LightCycler 480 software analyzes the fluorescence data and clusters into allele A type, heterozygous, or allele B type (http://www.roche.com). Three marker assays were typically performed on each F 2:3 population.
RESULTS
Near Isogenic Line Population Disease Resistance Parameters
The observed phenotypic distribution of SLB scores for each NIL population was centered around 6, the mean of the recurrent parent, B73 (Fig. 2) . The most resistant line, Z030E0048, had a mean of 7.6. The most susceptible NIL line, Z034E0074, had a mean of 4.5. A total of 144 NILs of the 774 lines were significantly different (P £ 0.05) from B73 for sAUDPC, 42 of which were more resistant and 102 more susceptible.
In the combined 2-yr analysis for sAUDPC, genotype was highly significant (P < 0.0001) and both the year and year´population variances were not significant (Table 1) . Therefore, LSMeans calculated over 2 yr were used for the QTL analysis. Spatial variation, as described by row and column variables, was included in the model to capture field variation and reduce residual variance. Both row and column within year variables were significant in the model. ** Significant at the a = 0.01 level. † Significant based on a Chi-squared distribution with one degree of freedom and using the differences in the -2 RES log likelihood between the reduced and full model.
effects (single allele substitution) ranged from 0.27 to 0.78 for the favorable teosinte alleles (i.e., those that conferred increased resistance) and -0.29 to -0.60 for the unfavorable teosinte alleles (on the 1-9 scale employed). The final model including the population variable and four QTL´population effects, explained 26% of the observed variation for sAUDPC. Fifteen NILs carrying several different teosinte alleles at the four QTL were selected for further validation of QTL significance and additive effects estimates (Table 3 ). In total, 19 of the 21 alleles were tested, as several of the selected NILs carried more than one QTL. Significant markers associated with DTA were found on chromosome 1 at 108.4 cM, chromosome 2 at 129.8 cM, chromosome 7 at 134 cM, chromosome 8 at 69.8 cM, chromosome 9 at 32.6 cM, and chromosome 10 at 43 cM ( Table 2 ). Many of these DTA-QTLs were also identified in the same NIL populations that were evaluated in 11 locations with up to 20 reps (Liu et al., 2016) . The DTA QTL on chromosome 8 overlapped with the support interval of an SLB-resistance QTL.
Near Isogenic Line F 2:3 Population Results
Populations of between 49 and 133 F 2:3 families from each of 15 selected NILs were developed. In 2011, 212 F 2:3 families from three populations were evaluated in two replications. Fixed effects of population, line(population) and the fourth order polynomial for row were significant. In 2012, 468 F 2:3 families from six populations were evaluated and the fixed effects of population and line(population) as well as the third order polynomial for row and fourth order polynomial for column were significant. In 2013, 426 F 2:3 families from seven populations were evaluated. Population and line (population) were significant fixed effects.
Comparisons to resistant check lines were also made during the 2013 growing season. The resistant checks NC368 and NC296 were significantly more resistant than all the F 2:3 families. F 2:3 family LSMeans were used in single marker QTL analysis. For each QTL, three to four SNP markers were tested, and the most significant marker, based on R 2 , was chosen to represent the additive effect estimates. Of the 19 allele validation tests, three alleles were tested twice since they were segregating in two separate populations, Chromosome 2 in Z030, Chromosome 3 in Z035, and Chromosome 8 in Z036. Confirmed significant additive effect estimates of the alleles at each of the QTLs were found in 14 of the 19 cases (Table 4 ). In 13 cases significant effects were estimated from the F 2:3 populations in the same direction as the effect estimates made from the NIL population,. In these cases we considered the alleles were validated. One Differences in shading are due to differences in allelic additive effect estimates, with the darker the shade the larger the effect. Details are shown in Table 3 . validation test identified a change in the direction of the allele effect, the teosinte allele was associated with a significant increase in susceptibility in the NIL population analysis but with a significant increase in resistance in the F 2:3 population analysis. In five cases, the effects estimated in the F 2:3 populations were nonsignificant and therefore did not validate the allele effect estimated from the original significant allele effects in the NIL population analysis. No significant QTL interactions were found in those F 2:3 populations segregating for more than one QTL (Z035E0067, Z036E0042, Z036E0004, and Z033E0018).
Multiple Disease Resistance
The phenotypic correlation coefficients between SLB scores and previously collected GLS scores (Lennon et al., 2015) were calculated for each NIL population and across all NIL populations. Correlation coefficients were also calculated for those F 2:3 populations that had been tested for both GLS and SLB (Table 5) . Correlations between the disease data of GLS and SLB were significant and positive for the entire NIL population as well as within NIL populations and for one of two of the F 2:3 populations (Table  5) .One QTL in bin 2.04 was associated with resistance to both GLS and SLB. For this QTL, the correlation of allele effect estimates for the two diseases across each NIL population was estimated. The correlation coefficient, although moderately positive at 0.58, was only significant at P = 0.1 due to the low number of comparisons evaluated (nine NIL populations with effect estimates for both diseases).
DISCUSSION
In this study, we identified a large number of teosinte introgression lines that were significantly more resistant or susceptible to SLB than the recurrent parent B73 and 12 teosinte alleles at four loci that were significantly associated with SLB resistance. Additive effect estimates for QTL identified in the original NIL population analysis were all above 0.23 (in absolute value), on the one to nine scale employed. In other words, an effect of at least 0.46 would be expected if both B73 alleles were replaced by both specific teosinte alleles. This level of effect is substantial and is visibly discernable in the field. The four QTL identified in this study were located in bins 2.04, 3.04, 3.05, and 8.05. Many previous QTL studies have identified SLB resistance QTL across the genome in populations derived from maize ´ maize crosses. The QTL in bin 3.05 was previously identified in the NAM population for which B73 was the common parent crossed to 25 diverse lines to develop 25 recombinant inbred line (RIL) populations (Kump et al., 2011) . This QTL had significant allele effects in four of those RIL populations (other parents were: M162W, NC350, Oh7B, and P39). The QTL in bin Table 3 . Significant marker, bin, chromosome (Ch), position on the genetic map (cM, from McMullen et al., 2009) for each near isogenic line (NIL) population with estimated additive effect associated with each marker in each population in which it was significant, the standard error (SE), and associated significance (P value). Effects estimated on a 1 to 9 scale, with 9 being resistant, positive effects indicate increased resistance associated with the teosinte allele. 2.04 has been previously identified in populations derived from B73 ´ Mo17, B73 ´ Ki14, as well as in the NAM population (Balint-Kurti et al., 2007a; Carson et al., 2004; Kump et al., 2011; Zwonitzer et al., 2010) . In both the B73 ´ Mo17 populations and the B73 ´ Ki14 population, the Mo17/Ki14 alleles conferred resistance over the B73 allele.
In the NAM population, resistance alleles were identified in six RIL populations (parents: CML247, CML333, Hp301, M162W, Oh43, and Oh7B) at this locus. Quantitative trait locus identified in bin 8.05 have been identified in three previous studies, using populations derived from crosses between B73 and CML254 (Negeri et al., 2011), B73 and H99 (Balint-Kurti et al., 2007a) , and B73 and Ki14 (Zwonitzer et al., 2010) . In each of those three studies the resistance allele was derived from the non-B73 parent. The QTL identified in bin 3.04 has been previously identified in many other QTL studies. Most of these studies have used bi-parental mapping populations which included B73 as one of the parents. In almost all cases the resistance allele was derived from the non-B73 parent. These populations include 13 of the 25 NAM RIL populations (Kump et al., 2011) , a CML254 ´ B73 RIL population (Negeri et al., 2011) , an H99 ´ B73 RIL population (Balint-Kurti et Table 4 . Results from the analysis of near isogenic line (NIL) F 2:3 populations, listed by NIL parent (NIL), NIL population (Pop), year of F 2:3 population testing, number of F 2:3 lines tested, the NIL parent standardized area under disease progress curve (sAUDPC) mean from 2009/2010 combined analysis, most significantly associated marker in F 2:3 single marker analysis, genome position (Chromosome [Ch] , and cM), R 2 from single marker model, additive effect estimate (a) when significant at the a = 0.05 level, dominance effect estimate (d) when significant at the a = 0.05 level, effect estimate from NIL population quantitative trait locus (QTL) analysis (effect), and whether the effect was "validated". If a significant allele effect in the same direction as in the NIL population was identified in the F 2:3 population the allelic effect was considered to be validated. Table 5 . Correlation coefficients for southern leaf blight (SLB) and gray leaf spot (GLS) disease scores for all populations in which both disease were tested. The GLS scores are from Lennon et al. (2015) . (Note that population Z038 was not assessed for GLS so no comparison can be made.) al., 2007a), a B73 ´ Ki14 RIL population (Zwonitzer et al., 2010) , and two Mo17 ´ B73 RIL populations (BalintKurti et al. (2007a) and Carson et al., 2004) It is likely that B73 carries a relatively rare susceptibility allele at this locus. A significant QTL in bin 3.04 was also identified in the NC300 ´ B104 RIL population, with the resistant allele coming from NC300 . The alleles identified in other QTL studies, as described above, generally had similar allele effect sizes compared to the allele effects estimated from the QTLs found in this study. Without a much more detailed analyses, we cannot determine whether the teosinte alleles at these QTL that we identified in this study differ from some of the alleles identified in this previous work. Of the teosinte alleles conferring high resistance levels, 70% were validated in their respective F 2:3 populations. The five NIL lines with the largest allelic effect estimates offer the greatest potential for future use in breeding programs (Table 6 ). These five NILs will be available for distribution from the Maize Genetics Stock Center as the advanced self-pollinated (BC 4 S 4 ) lines: Z035E1069, Z032E1081, Z037E1002, Z038E1049, and Z034E1037 (original entry number plus 1000).
Validations using the F 2:3 populations provided more reliable estimates of additive effects, as the numbers of comparisons were greater with larger numbers of individuals segregating for the QTL. Alleles with effects estimated over 0.5 from the NIL population QTL analysis were generally estimated to have smaller (though still significant) effect estimates in the F 2:3 populations. The disparity between allele effects estimated from the NIL population and their F 2:3 populations might be due to a number of variables; including differences in disease pressure each year. The time of rating and the individuals performing the scoring varied over the 5 yr of this study and may also have had an effect. Without further work, it is difficult to determine why six alleles initially identified in the NIL population were not validated. Similar issues to do with differences in disease pressure and scoring may have been important. It may also be the case that the alleles were identified erroneously in the NIL population. Near isogenic line populations are not as powerful for the detection of QTL as other populations such as RIL populations (Kaeppler 1997) . Since only a few lines in each NIL population have the donor allele at any locus, aberrant scores can lead to a greater frequency of both false positives and false negatives. This was the main motivation for performing the validation tests in the first place.
Earlier maturity has been previously linked to increased apparent susceptibility to several foliar diseases including GLS and SLB in several studies(e.g., Balint-Kurti et al., 2008b , Balint-Kurti et al., 2007b , Bubeck et al., 1993 Zwonitzer et al., 2010) though the association has generally been relatively weak and in some other cases no association has been found (e.g., Balint-Kurti et al., 2008b) . The DTA QTL on chromosome 8 overlapped with the support interval of an SLB resistance QTL suggesting that the apparent effect on SLB resistance at this locus might be mediated through an effect on flowering time.
Of the six DTA-QTLs identified in this study, two of them, those on chromosome 8 and 10, were also found as DTA-QTL in our previous study which assessed the same populations for GLS resistance (Lennon et. al., 2015) . The other four QTL did not overlap and are likely environment specific. Those two shared QTL across disease studies were also identified as the largest effect DTA-QTL by Liu et al. (2016) which evaluated the same populations over 11 environments (including the two environments described here and the two described in our GLS study).
Since we previously identified GLS resistance alleles segregating within this population (Lennon et al., 2015) , we were able to investigate MDR with respect to GLS and SLB. Significant correlations between disease resistance for SLB and GLS were observed across all NIL populations. Of the four QTL identified for SLB and the six identified for GLS, only one QTL in bin 2.04 co-localized for the two diseases. Two F 2:3 populations, Z034E0037 and Z036E0042, were screened for both diseases to validate their chromosome 2 QTL. A small but significant correlation between SLB and GLS resistance was observed for the Z036E0042 population but no significant correlation was observed for the Z034E0037 population. A validated significant allele effect estimate was detected for both diseases in the Z036E0042 F 2:3 population, suggesting that Table 6 . The most resistant near isogenic lines (NILs) with validated effects for southern leaf blight (SLB), their respective NIL populations, standardized area under disease progress curve (sAUDPC) LSMean from 2009/2010 data, original additive effect estimate, additive effect in F 2:3 populations, Bin location of quantitative trait locus (QTL), days to anthesis, ear and plant height (EHT and PHT, respectively, in centimeters in this population, the same or closely linked genes from teosinte confer resistance to both diseases. However, in the Z034E0037 F 2:3 population, the allele for SLB was validated while allele for GLS was not, indicating that this allele probably does not confer MDR. We also evaluated the possibility that the same gene at this locus was conferring resistance to both diseases by similar mechanisms. To do this we determined the correlation between effect estimates within each of the nine NIL populations that had been evaluated for both diseases. If the same gene was conferring resistance to each disease in the same way, we would expect an allele of this gene with a strong positive effect on SLB resistance also to have a strong positive effect on GLS resistance and vice-versa. This correlation of 0.58 was significant (at P = 0.1), but at a less stringent level, which is suggestive of pleiotropic action.
Teosinte may be a source of alleles for useful agronomic traits. de Lange et al. (2014) suggest that teosinte may also provide useful alleles for insect resistance. This study, along with the GLS study with the same populations (Lennon et al., 2015) definitively demonstrates for the first time the utility of teosinte as a source for disease resistance alleles for cultivated maize. Gevers and Lake (1994) identified a GLSresistance allele in a line derived from two teosintes (Z. mays subsp. mexicana) and several cultivated maize lines, but they did not determine the ultimate source of the resistance allele. Maize breeders and plant breeders in general are often reluctant to introduce sources of exotic germplasm into their programs since, as well as a few valuable alleles, many deleterious alleles may be introduced. Initial screening of a NIL population such as this, in which exotic alleles are introgressed into an adapted background (Liu et al., 2016) , can identify useful exotic alleles in a genetic background that can be more easily incorporated into breeding programs. For many, if not most traits, the use of alleles from teosinte may not ultimately be necessary since sufficient allelic resources exist within cultivated maize, which is a famously diverse crop (Buckler et al., 2006a) . Soybean leaf blight resistance may be a case in point since, in contrast to our GLS resistance study (Lennon et al., 2015) , we have no evidence that the alleles identified in this study are superior to or distinct from resistance alleles that were previously identified in cultivated maize.
